Abstract: Objective Cyclooxygenase isoenzyme is known to be expressed in different regions of brain, and is mainly used for the treatment of pain and inflammation. Recently, it is proposed that cyclooxygenase isoenzyme may also play a key role in the pathophysiology of various brain-related disorders. The present study was aimed to explore the protective effect of cyclooxygenase inhibitors on stress by using an animal model of chronic stress. Methods The animals were forced to swim individually for a period of 6 min every day for 15 d. Then, the behavior (locomotor activity, anxiety and memory) and biochemical (lipid peroxidation, nitrite level, reduced glutathione, and catalase) alterations were assessed. Results Forced swimming for 15 d caused impaired locomotor activity, anxiety-like behavior and decreased percentage of memory retention, as compared to naïve mice (without chronic fatigue treatment). Biochemical analysis revealed significant increases in lipid peroxidation and nitrite level, while levels of reduced glutathione and catalase activity were both decreased. Chronic treatment with naproxen (14 mg/kg, i.p.), rofecoxib (5 mg/kg, i.p.), meloxicam (5 mg/kg, i.p.), nimesulide (5 mg/kg, i.p.) and valdecoxib (10 mg/kg, i.p.) significantly attenuated these behavioral and biochemical (oxidative damage) alterations in chronic-stressed mice.
Introduction
Stress is triggered by many unexpected environmental, social or pathological stimuli during the lifetime of an individual, and determines the changes in all of his system. Although acute stress is necessary for survival, chronic and long-lasting stress can be detrimental [1] . Chronic stress is characterized by persistent fatigue, infection, and rheumatological and neuropsychiatric symptoms [2] , and it has affected thousands of people. Chronic stress is a clinical state with defined symptoms, but undefined causes. The etiology of chronic stress remains still unclear, although evidence suggests that biological, psychological, and social factors contribute to its pathogenesis [3] . Recently, several hypotheses have been proposed concerning the underlying pathophysiological mechanism of chronic fatigue syndrome (CFS) [4] .
Chronic stress has been reported to produce influences in various facets, such as cognitive deficits, anxiety, depression, neurochemical alterations and oxidative stress [5, 6] . Currently, CFS treatment is based on the symptoms, being symptomatic rather than a cure. Therapies such as cognitive behavior therapy, graded exercise therapy, pharmacological interventions (e.g. antidepressants and corticosteroids), and nutritional supplements (antioxidants), have been tried, but with limited success. Although these drugs could attenuate the stress in patients [7] , the exact mechanism of how these thera- disorder. Recent studies demonstrate that oxidative stress is also involved in the pathophysiology of CFS and significantly contributes to the clinical symptoms [8] . The oxidative stress mechanisms need to be understood in order to design therapeutic strategies. Chronic stress impairs the biosynthesis of n-3 and n-6 long-chain polyunsaturated fatty acids by inhibiting the delta-6 desaturation of the precursor essential fatty acids alpha-linolenic acid and linoleic acid. In turn, this influences the proper functions of cell membrane, including cell signaling, and has an adverse effect on the biosynthesis of eicosanoids from the long-chain polyunsaturated fatty acids dihomo-α-linolenic acid, arachidonic acid and eicosapentaenoic acid. Most of these changes are associated with the increases of inflammatory response and generation of free radicals [9, 10] .
Recent investigations in our laboratory have shown the protective effects of various COX inhibitors in epilepsy, drug addiction, sub acute stress and related disorders [11] , suggesting the potential roles of prostaglandin in various neurodegenerative and neuropsychiatric disorders [12] . [1] .
Naproxen and meloxicam are non-selective COX (COX-1 and COX-2) inhibitors. Nimesulide is preferentially a COX-2 inhibitor. Rofecoxib and valdecoxib are selective COX-2 inhibitors. Naproxen and rofecoxib have been reported to have neuroprotective effect in mice against immobilization stress [11] . Recently, increases in COX-2 expression and activity have been observed in rat cortex after a short-time exposure (4-6 h) to restraint stress. Moreover, specific pharmacological tools that inhibit COX-2 activity (NS-398) could prevent the increase in membrane lipid peroxidation mediators and restore the antioxidant (glutathione) system, suggesting that COX isoform is involved in the accumulation of oxidative damage during stress [1] . Studies have also indicated the neuroprotective effects of COX-2 inhibitors in various central nervous system (CNS)-related disorders [13] [14] [15] [16] .
Thus, the aim of the present study was to study the effects of various selective or nonselective COX inhibitors in chronic fatigue stress-induced behavioral and biochemical alterations. The drug doses were selected according to the ED50 of the drugs and previous studies in our laboratory [11, 28] . The animals were randomized into 7 groups (n=10 in each group), including the naïve group, in which the mice only received between the behavioral tests. Locomotor activity was assessed first, followed by elevated plus maze and mirror chamber test.
Measurement of immobility period
The animals were forced to swim individually in a glass jar (25×12×25 cm 3 ) at (25±2) ºC for 6 min every day for 15 consecutive days. The water was 15 cm in height. After an initial period of vigorous activity, each animal attained a typical immobile posture. The duration of immobility was measured. The animal was considered to be immobile when it ceased to struggle and the limbs seldom moved to keep the head above the water [6] .
This test session was repeated for 15 d.
Behavioral assessments Various behavioral parameters
were assessed in mice on day 16, 24 h after the last forced swim challenge.
Measurement of locomotor activity
The locomotor activity was recorded for 5 min using photoactometer. Each animal was observed in a closed square (30×30 cm 2 ) arena equipped with infrared light sensitive photocells using digital photoactometer. Locomotor activity was expressed in terms of total photobeam counts for 5 min per animal [17] . The apparatus was placed in a darkened, light and sound attenuated , and ventilated testing room. In the standard configuration, the mirrored surfaces (3 side panes, a top pane and the floor pane) face the interior of the cube. Placement of the mirrored cube into the centre of the container forms a 5 cm corridor completely surrounding the mirrored chamber. The animal was placed individually at the distal corner of the mirror chamber at the beginning of the test. During the 5-min test, the following parameters were evaluated, including the latency to enter the mirror chamber, the number of entries in mirror chamber, and the total time spent in mirror chamber. An anxiogenic response was identified when the number of entries and time spent in the mirror chamber were decreased [18] .
Measurement of anxiety (mirror chamber test)

Measurement of memory (plus maze test) Elevated
plus maze was used to evaluate the spatial long-term memory [17, 19] .
Briefly 
Lipid peroxidation assay
The quantitative measurement of lipid peroxidation in the whole brain was performed as described by Wills [20] . 
Estimation of reduced glutathione
Level of reduced glutathione in the brain was evaluated according to the method described by Ellman [21] . Supernatant (1 mL) was precipitated with 1 mL 4% sulfosalicylic acid and digested 
Catalase estimation Catalase activity was assessed
according to the method of Luck H [22] . as described by Green [23] . Equal volumes of supernatant and Greiss reagent were mixed, and incubated for 10 min at room temperature. Absorbance was read at 540 nm using Shimadzu
Nitrite estimation
Spectrophotometer. The concentration of nitrite in the supernatant was determined from a standard curve and expressed as the percentage of the control.
Protein estimation The protein content was measured
according to the method of Lowry [24] using bovine serum albumin as the standard reagent.
Statistical analysis Data were expressed as mean±SEM,
and analyzed using one-way analysis of variance (ANOVA), followed by Tukey's test. (Table 1) . 
Effects of naproxen, meloxicam, nimesulide, rofecoxib and valdecoxib on anxiety After 15-d forced swimming test
session, the mice showed a significant delay in the latency to enter the mirror chamber. Meanwhile, the number of entries and time spent in the mirror chamber were both decreased, as (Fig. 4) and nitrite (Fig. 5) , and reduced the levels of GSH (Fig. 6 ) and catalase activity (Fig. 7) . Chronic administra- 
Discussion
Chronic stress is characterized by various symptoms, including feverishness, recurrent sore throat, pain, myalgia, arthralgia, headache and post exercise weakness [25] . Besides, various neuropsychiatry and neuroimmunological disturbances such as difficulty to concentrate, memory deficit, and depression, are also present under chronic stress conditions [26, 27] . However, the etiology of chronic stress remains still unclear. Studies in patients with CFS have revealed alterations of the hypothalamic-pituitary-adrenal (HPA) axis [1, 27] .
Here we investigated the protective effects of COX inhibitors (nimesulide, naproxen, meloxicam, valdecoxib, and rofecoxib) on chronic fatigue-induced stress.
Consistent with other published observations [28, 29] , 15-d forced swimming could induce CFS-like symptoms, as revealed by increases in despair (increased immobility period) and anxiety-like behaviors, and a reduction in locomotor activity [30] . Here repetition of 6-min session for 15 d caused significant chronic fatigue-like conditions in animals. It is also reported that chronic stress induces depressive behavior (increase in immobility time) [31] and significantly influences exercise and physical activity [32] . However, the underlying mechanisms are not well understood. These behavioral changes might be due to the accumulation of stress, since chronic stress has been well documented to cause anxietylike behaviors, reduce locomotor activity and lead to stressinduced depression [28] . The impairment of motor activity could be due to the stress-induced depression [33] . It is clear that oxidative stress plays a role in the pathogenesis of motor activity. Hypoactivity of CNS has also been strongly implicated in the pathophysiology of anxiety. Besides, immobilization stress has been reported to induce a 2-3-fold elevation of plasma cortisol level [34] , and an increase in cortisol level is correlated with anxiety-like behavior and painful response in human [35] . Moreover, acute stress has been reported to influence the behavioral activities, such as motor activity, anxiety-like activity and depression [36, 37] . In the present study, administration of naproxen, rofecoxib and valdecoxib at clinically relevant doses significantly reversed the impairment in locomotor activity, and produced a remarkable neuroprotective effect against chronic stress in mice.
Jain et al. [38] also report that COX inhibitor could reverse lipopolysaccharide-induced immobility period [38] . In other neurodegenerative disorders, the beneficial roles of COX inhibitors have also been suggested [39] . Here, chronic administration of nimesulide, naproxen, meloxicam, valdecoxib, or rofecoxib attenuated stress-induced decrease in locomotor activity, suggesting that prostaglandin may be involved in chronic stress-induced hypolocomotion.
Consistent with the previous report [40] , here we also find that chronic stress could cause anxiety-like behavior and cognitive dysfunctions. When exposed to the mirror chamber, the chronic stressed animals exhibited anxiety, as revealed by decreases in the number of entries in mirror chamber and time spent in mirror chamber. This indicates that chronic stress could significantly induce anxiety-like behavior in animals. Studies in human and animals have shown that stress hormones glucorticoids influence cognition [41, 42] .
Glucocorticoids have 2 types of receptors, both of which are abundantly expressed in the hippocampus, a region involved in learning and memory and being one of the most vulnerable regions to stress in the brain [42] . In the hippocampus, chronic stress causes atrophy in the CA3 region. It has also been reported that exposure to chronic stress causes subsequent impairment of hippocampus-dependent memory in both human and animals [5] . Furthermore, the hippocampus also regulates the stress response and inhibits the response of the HPA-axis to stress. Chronic stress causes the atrophy of dendrites of pyramidal neurons in the CA3 region of the hippocampus through a mechanism involving both glucocorticoids and excitatory amino acid neurotransmitters released during and after stress [43] . In the present study, acute immobilization stress caused poor retention of memory, which could be ameliorated by pretreatment of both non-selective and selective cyclooxygenase (COX-2) inhibitors. COX-2 has been reported to play a role in the selective loss of neural connections but not in their formation [44] . Recent study has indicated that COX-2 potentiates brain parenchymal amyloid plague formation, which leads to Alzheimer's disease, suggesting a therapeutic role of NSAIDs in the treatment of neurological diseases [45] . It has been well documented that high levels of stress and fear commonly cause memory loss and cognition disturbance [46] .
Stress also stimulates numerous pathways leading to an increased production of free radicals. COX-2 then leads to the release of inflammatory prostaglandins such as PGE 2 , which account for the accumulation of oxidative mediators in brain, mitochondrial inhibition [47] , increased excitatory amino acid release [48] , activation of second messenger systems [49] and decreased efficiency of antioxidant defense mechanisms [50] .
CFS causes increased productions of NF-kappa beta, COX-2 and iNOS, and induces damage to membrane fatty acids and functional proteins through ROS and RNS [51] . Clinical reports also document that CFS patients show significantly lower levels of transforming growth factor-beta1 (TGF-beta1) and natural killer (NK) cell production, as compared to the normal control [52, 53] . These factors are implicated in the increase of lipid peroxidation level in stress. In addition, forced swimming for 15 d significantly raised lipid peroxidation level and nitrite concentration, and inhibited the levels of reduced glutathione and catalase enzyme activity, thereby inducing oxidative damage. The roles of oxidative stress and related free radical generation in the pathogenesis of CFS have been well documented [4, 54] . ROS generated by a severe stressor significantly compromise the in vivo antioxidant defense capability when animals are subjected to CFS [55] . Accordingly, chronic oxidative damage alters mitochondrial function, calcium homeostasis, energy pathways, neuronal precursors, neurogenesis, and cell death [56] . In the present study, pretreatment with COX inhibitors could reduce the levels of lipid peroxidation and nitrite, and restore the reduced glutathione level and catalase activity, suggesting their neuroprotective roles against chronic stress. However, there are few adequate reports exploring the protective effects of COX inhibitors in restraint stress and related conditions. Moreover, the discovery of selective COX-2 inhibitors has improved our understanding on COX and its biological properties. Therefore, the exact cellular events in their neuroprotection still need to be explored. An initial formation of large amounts of oxygen and nitrogen reactive species during stress may also initiate lipid peroxidation [57] , as has been demonstrated in brain, liver and heart [58] . A positive correlation between nitrite and thiobarbituric acid reactive substance (TBARS) levels has been demonstrated by many reports, revealing that nitric oxide acts as a free radical in stress, and stress results in the expressions of iNOS and neuronal nitric oxide synthase (nNOS) [59, 60] . There is a close relationship between NOS and COX pathways because an increased expression of both COX and nNOS have been found during the inflammatory processes. Moreover, nitric oxide has been shown to stimulate COX isoenzyme activity. However, some evidence indicates that CFS is accompanied by increased oxidative stress and that NO pathways are involved in its pathogenesis [61, 62] .
Moreover, free radical damage by reactive oxygen species (ROS) has been suggested to play a critical role in the pathophysiology of CFS and stress-induced depression [63, 64] .
In conclusion, COX-2 selective inhibitors are comparatively more effective. However, variations among the effects of COX-2 selective inhibitors have also been noticed.
Moreover, both selective and non-selective COX inhibitors could ameliorate chronic fatigue-induced various behavioral and biochemical alterations in mice, showing protective effects against chronic fatigue-induced stress.
